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ABSTRACT: 

PROBLEM TO BE SOLVED: To solve the problem that an interface 
controlling 

method is conventionally used for the necessity to shorten the 
crystallization 

time of a GeSbTe film for obtaining a high speed data rate in a phase 
change 

type optical disk and on the other hand a film-forming stage is complicated 
and 

thermal design and optical design of the optical disk have to be changed in 
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the 

interface controlling method. 

SOLUTION: In the phase change type optical disk formed by substantially 
laminating a phase change type recording layer 3 on a substrate 6, a 
substrate 

consisting of a material having ≤39×10-7/°C coefficient of 
thermal 

expansion and transmitting light used for recording and reproducing is 

used for 

the substrate 6. 
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* NOTICES * 
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damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



petailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the optical disk for recording information, such as 
television imagery, by irradiating laser. The GeSbTe (germanium: antimony : tellurium) film and the 
AglnSbTe (indium: silver : antimony : tellurium) film are especially used as a record ingredient. It is 
related with the phase-change optical disk which reproduces information (signal) by detecting the 
difference of the reflection factor between the film which records information using the property in 
which these film transfers between a crystallized state and amorphous states reversibly, and is in a 
crystallized state, and the film in an amorphous state. 
[0002] 

[Description of the Prior Art] DVD-RAM (official name DVD Rewritable) which is an erasable phase- 
change optical disk uses the GeSbTe film as a record ingredient, storage capacity is 2.6GB (it is 5.2GB 
in both sides) on one side, and the thing of 1 lMbps(es) is used for the user data rate now. Although the 
optical disk of a former erasable type has been used abundantly as an object for are recording of a text 
file or numeric data It came to treat a static image and a dynamic image also on individual level 
conjointly with progress of image compression technology in recent years, Based on the expectation as a 
record medium for broadcast which replaces VTR from the convenience of edit having grown, large- 
capacity -izing and improvement in the speed are attained also for DVD-RAM. The storage capacity of 
one side soon (the beginning of 2000) and by 4.7GB The commercial-scene injection of the thing of 
22Mbps(es) is due to carry out a user data rate. 
[0003] 

[Problem(s) to be Solved by the Invention] However, when it aims at record and playback of "high- 
definition television broadcasting" which a time amount frame expands by the digital satellite 
broadcasting started at 2000 ends of the year, in above-mentioned 4.7GB and 22Mbps, storage capacity 
and a data rate must be said that the level is low still more. Even if this invention persons reproduce the 
Hi-Vision signal for 15 to about 20 minutes, they have estimated that the optical disk whose storage 
capacity is 30GB and whose user data rate is 150Mbps extent is required. However, the optical disk 
which is meeting these technical standards at present does not exist. 

[0004] Large capacity-ization of a disk is not technically difficult, and it has the following approach 
noting that it writes with whether it is the best approach. 

- Diameter-ized [ of a disk ] of macrostomia - Axray-izing of a disk (one equipment is loaded with how 
many sheets of that disk) 

- Short-wavelength-izing of the light source, and use of a high NA (Numerical Aperture) objective lens 
[0005] If it is the record and the regenerative apparatus loaded with about six disks whose storage 
capacity of one side is 4.7GB with the outer diameter of 120mm as what is large-capacity -ized by this 
approach, as non-portable record and regenerative apparatus for broadcast, it can use enough. The 
storage capacity of the disk of one sheet is based on the ability of a small bit (information) to record 

[ which ]. And the shortest bit length is proportional to the diffraction limitation of the light used for the 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



9/29/05 



JP.200 1-266406, A [DETAILED DESCRIPTION] 



Page 2 of 6 



record and playback shown by (1) formula. 
[Equation 1] 

(1) 

NA 

X : ytM&& 

[0006] the case where it is DVD-RAM of the present when the storage capacity of one side is 2.6GB -- 
lambda= 650nm, NA=0.6, and the shortest bit length — 0.41 micrometers it is . The thing using the lens 
which the blue semiconductor laser of 400nm band with which development is furthered is put in 
practical use, and is about NA=0.8, then the shortest bit length are 0. 18 micrometers. It becomes. That 
is, though track density does not change, if it lectures on the above-mentioned policy, storage capacity 
will increase more than twice. 

[0007] A data rate becomes quicker, so that bit length is short, and as a disk rotates at high speed 
fundamentally. 0.4 micrometers of for example, bit length Supposing it records by linear-velocity 10 
m/s, a data rate will be set to 25Mbps(es) as shown in (2) types. 
10/(0.4x10-6) =25Mbps (2) 

[0008] Now, the objective lens and blue semiconductor laser of high NA are used, and it is 0.2 
micrometers about bit length. If it carried out and linear velocity was made into 20 m/s, a data rate 
comes to be shown in (3) types. 
20/(0.2x10-6) =100Mbps (3) 

[0009] the rotational speed of the drive for [ which is used as file memory for computers ] magneto-optic 
disks — max — 4500rpm it is . CNR (carrier to noise ratio) In the equipment which measures the 
dynamic characteristics of optical recording media, such as a jitter (jitter), it is maximum-engine-speed 
7200rpm. The spindle is carried. 7200rpm Supposing it rotates a disk, linear velocity will exceed 20 m/s 
in the place whose radius is 26.5mm or more as shown in (4) types. 
[Equation 2] 

20 

*ir^ 28,5 an (4) 

2X3. 14X120 

That is, if it is going to make it the data rate of 100 or more Mbpses, it will become the record linear 
velocity of 20 or more m/s in almost all the record sections of DVD-RAM. However, the phase change 
recording method with which this invention is involved has the problem which originates in a record 
principle and an approach apart from the above to improvement in the speed. 
[0010] A phase change recording method is a recording method using the reversible phase change 
between a crystallized state and an amorphous state. Usually, a record process forms an amorphous 
mark in the location of a crystal (polycrystal) condition, and an elimination process returns an 
amorphous mark to a crystallized state. 

[001 1] In order to perform a direct exaggerated light at high speed, the amorphous mark already formed 
must be crystallized at high speed. Since an amorphous mark is formed by carrying out a temperature up 
and cooling quickly (4-12 degrees C/(ns)) to more than the melting point of the GeSbTe film which is a 
recording layer (800-1000 degrees C) The time amount which record takes is about several ns. Although 
one mark is formed The rate of occupying to this time amount (inverse number of a data rate) is small 0. 
[M.Miyamoto et al., ] [ "Analysis of Mark-Formation Process for Phase-Change Media ] ", IEEE 
Journal of Selected Topicsin QuantumElectronics, Vol.4, pp.826 -83 1 (1998) reference. On the other 
hand, the GeSbTe film must be held beyond a certain time amount and crystallization temperature to 
crystallize an amorphous mark (it eliminates). This time amount is called crystallization time amount, 
and it is a value for about several 10ns. Supposing the data rate of 100Mbps is demanded now, as shown 
in (5) types, crystallization of an amorphous mark must be completed within 10ns. 
(100x106) -l=10-8=10ns (5) 
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[0012] The crystallization time amount of the GeSbTe film which is a recording layer has a presentation 
ratio dependency, and is shown in drawing 1 . According to this drawing, even if it adjusts a 
presentation ratio (mole ratio), about 20 - 30ns of the crystallization time amount of the GeSbTe film is 
a limitation. However, the approach of "interface control" (refer to the collection of the Yamada ****** 
and " Accel erationof crystallization process by nitride interface layer" 10th phase change record study 
group symposium lecture drafts, and 85 -90 pages (1998)) is proposed as an approach of smashing the 
limitation of the crystallization time amount of current and this record ingredient. 
[0013] This "interface control" is explained. Although a phase-change optical disk uses the GeSbTe film 
as a record ingredient, the fundamental configuration is shown in 2 Fig. namely, a phase-change optical 
disk -- the substrate 1 top of a polycarbonate (PC) — ZnS-Si02 from - the becoming dielectric layer 2, 
the recording layer 3 which consists of GeSbTe, and ZnS-Si02 from - the laminating of the reflective 
film 5 which consists of a becoming dielectric layer 4, an aluminum-Ti alloy, etc. is carried out one by 
one. ZnS-Si02 (a presentation ratio (mole ratio) is usually 8:2) shown with the signs 2 and 4 well used 
as a dielectric layer secures a moderate cooling rate, prevents damage on a substrate with heat, and is an 
indispensable ingredient for adjusting the optical property of a disk etc. at the same time it accumulates 
heat for the GeSbTe film (recording layer 3) to cause a phase change. 

[0014] However, in the above-mentioned structure, if an optical disk is heated and carries out a 
temperature rise in an elimination (crystallization) process, S (sulfur) desorbed from dielectric layers 2 
and 4 will carry out diffusion mixing at a recording layer 3, and will check crystallization of a recording 
layer (GeSbTe film) (the [ collection / of the "prevention of protective layer and counter diffusion 
between recording layers of phase-change optical disk by oxide volume phase" 45th applied-physics 
relation union / besides Miyauchi / lecture meeting lecture drafts ] in refer to a separate volume and 
1 127 pages (1998)). Diffusion mixing of S is prevented and the approach called "interface control" 
carries out induction of the crystalline-nucleus generating by the interface (front face) of the GeSbTe 
film (recording layer 3). Specifically, this is the approach of inserting the film of a nitride or an oxide 
between the GeSbTe film of dielectric layers 2 and 4 (ZnS-Si02) and a recording layer 3, intercepting 
the flow of S, and generating a crystalline nucleus in the interface of these film (dielectric layers 2 and 
4) and GeSbTe film, as shown in drawing 5 from drawing 3 . 

[0015] Since many crystalline nuclei are generated in the interface which the film of the above- 
mentioned nitride or an oxide intercepted the flow of S effectively, and is in contact with the GeSbTe 
film (recording layer 3), the approach of the interface control using these film is effective in the high- 
speed recording device which uses the GeSbTe film as a recording layer 3. Incidentally, when the GeN 
(nitriding germanium) film is used as a nitride Even when record linear velocity is 1 5 m/s, the 
elimination ratio 30dB or more is checked (it Yamada-******). "Acceleration of crystallization process 
by nitrideinterface layer", By the phase-change optical disk which used the GeN film for interface 
control, from the collection of the 10th phase change record study group symposium lecture drafts, refer 
to the 85 -90 page (1998), and this The limit by the crystallization rate of the GeSbTe film (recording 
layer 3) The user data rate of 140Mbps extent which exceeds greatly is expected 0. [ N. Yamada, ] 
[ "Potential of germanium-Sb-Te phase-change optical disks for high-data-rate ] recording in the near 
tuture", Proc.SPIE Vol.3 109, pp.28 -37 (1997) reference. 

[0016] However, the trouble of this approach (interface control) is having to change the thermal design 
of an optical disk, and an optical design into a membrane formation process's becoming complicated and 
it in order to have to insert the dielectric layer of one layer or a bilayer into the basic configuration (the 
configuration which consists only of the substrate 1, the recording layer 3, and reflecting layer 5 in 
drawing 2 R> 2 is said) of a phase-change optical disk shown in drawing 2 . Moreover, it aims at the 
origination of nucleus in an interface with the approach itself, and the ingredient and GeSbTe film 
(recording layer 3) which carries out a laminating called interface control, and it is an unknown whether 
it is effective over the whole thickness of a recording layer 3. 

[0017] The purpose of this invention is like the conventional interface control mentioned above to offer 
the phase-change optical disk which can perform, detailed-izing, i.e., high-speed elimination, of crystal 
grain, without [ without it adds a new layer like a dielectric layer during the basic configuration of a 
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phase-change optical disk, therefore ] changing the thermal design of an optical disk, and an optical 

design. 

[0018] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, this invention phase- 
change optical disk is characterized by using the substrate with which coefficient of thermal expansion 
becomes said substrate from the ingredient which penetrates the light used for record and playback less 
than [ 39xl0-7/degree C ] substantially in the phase-change optical disk which comes to carry out the 
laminating of the phase change mold recording layer on a substrate. 

[0019] Moreover, this invention phase-change optical disk is characterized by said substrate being a 
quartz-glass substrate or an alkali-free-glass substrate. 

[0020] Moreover, this invention phase-change optical disk is characterized by said phase change mold 
recording layer being the GeSbTe film of the presentation ratio of arbitration. 

[0021] moreover, this invention phase-change optical disk -- said phase change mold recording layer — 
GeSbTe of the presentation ratio of arbitration — Ag, ^ Cr > *H 7r i > Cu > anf ^ N 7 « from - it is 
characterized by being the film with which at least one kind of matter chosen from the becoming group 
was added and formed. 

[0022] Moreover, this invention phase-change optical disk is characterized by said phase change mold 

recording layer being the AglnSbTe film of the presentation ratio of arbitration. 

[0023] moreover, this invention phase-change optical disk - said phase change mold recording layer - 

AglnSbTe of the presentation ratio of arbitration - V, Cr, Pd, Zn, Cu, and N2 from - it is characterized 

by being the film with which at least one kind of matter chosen from the becoming group was added and 

formed. 

[0024] 

[Embodiment of the Invention] With reference to an accompanying drawing, this invention is explained 
at a detail based on the gestalt of implementation of invention below. This invention is made to perform 
detailed-ization of crystal grain by choosing the substrate which is the substrate of making a GeSbTe 
thin film (recording layer) depositing, as mentioned above. Generally, with the thin film on a substrate, 
the singular point in the film or on a substrate (the example of an amorphous substrate is shown in 
drawing 6 ) serves as a nucleus, and crystal growth happens so that the dust which floats in air may 
serve as a nucleus and a snowy crystal may be made. Moreover, in the case of a single crystal substrate 
as shown in drawing 7 , the crystal structure of the single crystal thin film which grows epitaxially on it, 
crystal orientation, and a spacing are decided by the crystal structure of the single crystal used for the 
substrate, crystal orientation, and the spacing. The singular point and the crystal structure can be caught 
with "the microscopic structure" of a substrate. 

[0025] In addition, in the case of a phase-change optical disk, the stress generated in the film according 
to the difference of the coefficient of thermal expansion of a substrate and the GeSbTe film can be 
considered as a factor which controls the crystallization process of the film on a substrate. Not only the 
GeSbTe film used for phase change record but crystallization and amorphous-izing are the process 
which an atom moves and is fixed by heat cycle called a temperature up and cooling. Tensile stress 
(tensile stress) Or since compressive stress (compressive stress) is force directly committed in the atom 
in the film, it accelerates or controls migration of an atom. This not only carries out promotion ****** 
control of a certain grain growth, but makes atomic roughness and fineness (the different singular point 
from the surroundings, i.e., a crystalline nucleus) in the film. 

[0026] Drawing 8 shows the example of 1 configuration of the sample of the phase change mold which 
can apply this invention. Although drawing 8 is [ the method of the display ] different, the recording 
layer 3 (GeSbTe film) and the reflective film 5 in drawing 8 are the same as what was shown in drawing 
2 . moreover, in drawing 2 , although the polycarbonate (PC) was used as a substrate 1, by this example 
( drawing 8 ), this became a glass substrate 6 - remarkably -- drawing 2 -- as dielectric layers 2 and 4 — 
ZnS-Si02 Although the film was used, it differs in the point that replace with this and the silicon carbide 
(SiC) film 7 and 8 is used in this example ( drawing 8 ), respectively. 

[0027] In 1 operation gestalt of this invention phase-change optical disk, quartz glass or alkali free glass 
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is used for the glass substrate 6 in drawing 8 , and the coefficient of thermal expansion of each glass is 
5xl0-7/degree C (in the case of quartz glass), and 39xl0-7/degree C (in the case of alkali free glass). 
[0028] In the sample of the phase change mold shown in drawing 8 , this invention persons did the 
laminating of the silicon carbide (SiC) to 20nm in thickness as a dielectric layer 7 on the glass substrate 
6 first, next, a it top - a presentation ratio (mole ratio) thickness carried out the laminating of the 
recording layer 3 which is 20nm by f^rmaniurrrSbTf=?;3 ^ Furthpirmpr^ on it, the laminating of the 
aluminum-Ti alloy film (mole ratio 8:2) whose thickness is lOOnm as reflective film 5 further about SiC 
whose thickness is 20nm as a dielectric layer 8 was carried out on it, and the sample of a phase change 
mold was completed. 

[0029] The effective ness of grain refinin g of the p hase change film by choosing a substrate ingredient 
can be checked by X~3iffraction measurement. That is because X diffraction reinforcement will become 
small rather than the time when the dimension of crystal grain is large if the dimension of crystal grain is 
small in order that each crystal grain may turn to an irregular direction when the film crystallizes as 
polycrystal film. In order to check the effectiveness by this invention using this, as other configurations 
of a sample this invention persons The substrate of quartz glass and alkali free glass (coefficient of 
thermal expansion is 5xl0-7/degree C and 39xl0-7/degree C, respectively), And coefficient of thermal 
expansion produced the sample of the phase change mold of a configuration of being shown in drawing 
9 using the soda potash glass substrate which is 120xl0-7/degree C for the comparison with these glass 
substrates (since the configuration of a disk has not been carried out yet like drawing 8 ). In addition, in 
drawing 9 , the same sign is attached and shown in the same part as drawing 8 . 
[0030] Drawing 10 shows X diffraction data after crystalizing by heat treatment in the sample of a 
configuration of being shown in drawing 9 about the sample when using quartz glass, alkali free glass, 
and soda potash glass for a glass substrate 6, respectively, in addition, Si02 which carried out the 
laminating of the thickness of the GeSbTe film (recording layer 3) in the sample of a configuration of 
being shown in drawing 9 for 150nm and oxidation protection from ~ the thickness of the becoming 
layer 9 is 20nm. Moreover, the presentation ratio (mole ratio) of the GeSbTe film is 
germanium : S b : Te=2 : 2 : 5 . 

[003 1] It is 28deg of the GeSbTe film on a quartz-glass substrate and an alkali -free-glass substrate 
(recording layer 3) for referring to drawing 10 . The reinforcement of the diffraction peak which is near 
is almost equal, and is about [ of the diffraction peak of the film on a soda potash glass substrate ] 1/6. 
The diameter of crystal grain of the GeSbTe film formed and crystallized on the quartz-glass substrate 
and the alkali-free-glass substrate from this result is smaller than the diameter of crystal grain of the film 
on soda potash glass. Therefore, in order to eliminate the record bit of the amorphous state of a piece 
more for a short time (crystallization), a soda potash glass substrate shows that a quartz-glass substrate 
or the alkali -free-glass substrate is more advantageous. 

[0032] On the other hand, each coefficient of thermal expansion by the sample of a configuration of 
having been shown in drawing 8 5xl0-7/degree C, Glass substrate (39xl0-7/degree C and 120x10- 
7/degree C) (respectively) The GeSbTe film of an amorphous state using a quartz-glass substrate, an 
alkali-free-glass substrate, and a soda potash glass substrate is rotated by linear-velocity 2.5 m/s. The 
write-in power dependency of a CN ratio when wavelength irradiated and records laser light which is 
514.5nm (namely, crystallization) is shown in drawing 1 1 . As for the CN ratio in case write-in power is 
4mW, the film on the soda potash glass substrate whose X diffraction reinforcement was the largest has 
become the lowest among the film which used three kinds of substrates. In the difference of the CN ratio 
of the film on an alkali-free-glass substrate, and the CN ratio of the film on a soda potash glass substrate, 
the difference of the CN ratio of 20dB and the film on a quartz-glass substrate and the CN ratio of the 
film on a soda potash glass substrate is lOdB. 

[0033] The area (volume) rate of the crystalline region [ one / where this value is higher ] in a record bit 
is large, namely, the CN ratio when recording on the GeSbTe film of an amorphous state under a certain 
linear velocity means crystallizing more for a short time. Drawing 1 1 shows that the direction of the 
alkali-free-glass substrate the quartz-glass substrate whose coefficient of thermal expansion is 5x10- 
7/degree C, and whose coefficient of thermal expansion are 39xl0-7/degrees C is suitable for high-speed 
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crystallization rather than the soda potash glass substrate whose coefficient of thermal expansion is 
120xlO-7/degreeC. 

[0034] In the above explanation, although a quartz-glass substrate or an alkali -free-glass substrate shall 
be used for the substrate (shown by drawing 8 and 9 as a glass substrate 6) of this invention phase- 
change optical disk This is not restricted to a glass substrate, and penetrates the light (laser light) used 
for record and playback, and amorphous-izing and the heat at the time of making it crystallize can be 
borne, Young's modulus is 60GPa-200GPa, and coefficient of thermal expansion should just be a 
substrate not more than 39xl0-7/degree C. 

[0035] Moreover, although the recording layer (shown by the sign 3 drawing 8 and 9) of a phase change 
mold was used as the GeSbTe film which has the presentation ratio (mole ratio) of 
germanium:Sb:Te=2:2:5 in the above explanation As long as this contains germanium, Sb(s), and all the 
Te, it may be good at the presentation ratio of arbitration, and the film with which at least one of Ag, V, 
Cr, Pd, Zn, Cu, and N2 kinds was added to this GeSbTe film is sufficient as it. 
[0036] Moreover, this phase change mold recording layer may be the AglnSbTe film of an arbitration 
presentation ratio (mole ratio), and is V, Cr, Pd, Zn, Cu, and N2 to this AglnSbTe film. The film with 
which at least one kind was added is sufficient. 

[0037] Moreover, although especially the ingredient of the reflective film 5 in drawing 8 was not 
described, the film which the aluminum-Ti alloy film of the presentation ratio (mole ratio) 8:2 is 
sufficient as, or chose and bilayer-ized two kinds the same with having been shown in drawing 2 from 
aluminum film, Ag film, the aluminum-Ti-Cr alloy film of the presentation ratio (mole ratio) of 
arbitration, the Ag-Pt alloy film, the Ag-Ru-Cu alloy film, the Ag-Pd-Cu alloy film, or these film is 
sufficient. Moreover, although thickness of the reflective film was set to lOOnm, what is necessary is 
just 5nm or more lOOOnm or less. 

[0038] Moreover, in the configuration of drawing 8 , although the dielectric (SiC) layer 7, the record 
(GeSbTe) layer 3, and the dielectric (SiC) layer 8 shall intervene between a glass substrate 6 and the 
reflective film 5, this is not restricted above, and as long as it is a configuration containing the GeSbTe 
film or AglnSbTe film which is a recording layer, it may take other configurations. 
[0039] Moreover, this invention phase-change optical disk may be made a configuration as shown in 
drawing 12 which irradiates a laser beam from a film surface side using SIL (Solid Immersion Lens), a 
high NA lens, or Light STM (Scanning Tunneling Microscopy), and performs record and playback 
without making it the configuration which irradiates a laser beam from a substrate side, as shown in 
drawing 8 or drawing 9 not necessarily. In drawing 12 , in a substrate and 3, a recording layer and 5 
show the reflective film and 10 shows [ 1 ] the protective coat, respectively. 
[0040] 

[Effect of the Invention] According to this invention, since crystallization of the GeSbTe film which is 
in an amorphous state by having specified the coefficient of thermal expansion of the substrate which 
constitutes a phase-change optical disk, or the AglnSbTe film (recording layer) is promoted, therefore 
crystallization is performed for a short time, detailed-ization of crystal grain, i.e., a high-speed data rate, 
can be obtained. 



[Translation done.] 
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